Chardonnay and Tinta Cao grape pomaces were generated by the winemaking process. The pomaces were extracted with 50% acetone and tested for antioxidant capacities using the oxygen radical absorbance capacity (ORAC) assay, 
Introduction
Over 7 million tons of grapes were harvested in the U.S. in 2009 (http://usda.mannlib.cornell.edu/usda/), and more than 60% were used to make wine or juice. Grape pomace is the main byproduct of wine and juice production and is primarily composed of skin, seed, pericarp, stem, and leaf among other components. Grape pomace is currently used as fodder, fertilizer, or it may be thrown away at a cost.
Biological free radicals include reactive oxygen species (ROS) such as the hydroxyl radical (OH 
. Free radical inducers include transition metals such as iron III which can oxidize peroxides to produce OH • through the Fenton reaction. These biological free radicals may damage DNA, protein, and lipids [1] [2] [3] , and it is currently believed that they are among the underlying pathophysiological causes of the development of cancer, heart disease, aging, and other chronic health afflictions [4] [5] [6] . Antioxidants are free radical scavengers that can decrease radical induced detrimental effects [7] [8] [9] .
found in fruits and vegetables. Many of these compounds have been shown to have potent antioxidant activities and include phenolic acids such as gallic acid, ferulic acid, chlorogenic acid, and tocopherols among many others. There is a growing demand for the use of natural antioxidants as alternatives to synthetic antioxidant compounds such as BHA, BHT, or TBHQ due to their safety concern. Grape pomace is rich in antioxidant phytochemicals including phenolic compounds. The phytochemical profiles of different varieties of grape seeds have been documented, and significant antioxidant activity has been observed from pomace and seed flour extract [10, 11] .
Studies suggest that grape seed extract may be useful for the prevention of certain cancers including prostate, leukemia, breast, skin and colon cancers [11] [12] [13] [14] [15] [16] [17] by decreasing cell proliferation, arresting cell cycle, inducing apoptosis, and interfering with intracellular signal transduction events [1] . Antioxidant components in foods are also beneficial in the protection against cardiovascular disease, and they possess other important properties including anti-radiation, anti-mutagenic, anti-inflammatory, antibacterial, and other beneficial effects [7, 8, 18, 19] . The antioxidant compounds in grape are primarily found in the grape skin and seeds which are the primary components in the pomace.
Colorectal cancer is the cause of more than 1/2 million deaths worldwide (World Health Organization 2006) [20] , and it was ranked as the third leading cause of cancer-related death after lung cancer and stomach cancer. Epidemiological studies have shown strong evidence that diet and lifestyle play an important role in preventing cancer. In particular, an increased consumption of fruits and vegetables is associated with a decrease in cancer onset and mortality [21] [22] [23] [24] [25] [26] [27] , thus, an intake of 5 or more servings of fruits and vegetables in one's daily diet was recommended by the American Cancer Society as a strategy for preventing cancer [28] . Grape byproducts are currently used as health beneficial nutraceutical products.
Apoptosis, known as programmed cell death, is involved in the regulation of physical development and also in cell homeostasis. There has been much recent study on apoptotic events by developmental and neurological biologists, immunologists, and other biological scientists, and there has been tremendous progress made to unveil the relationship between the apoptosis and antiproliferation of cancer cells.
Recently, grape seed extracts have been reported to have chemopreventive effects against intestinal and colorectal cancers in vivo and in vitro. The anti-cancer effects of grape seed extracts against colon cancer cells have also been demonstrated through the mechanisms involving apoptosis induction and the inhibition of the survival pathway [29] [30] [31] [32] .
In the current study, we investigated 2 grape species (Vitis vinifera) Tinta Cao (red) and Chardonnay (white) grape pomaces for antioxidant activities, inhibition of the proliferation of HT-29 and Caco-2 colon cancer cells, and phytochemical compositions. Antioxidant activities were determined using the oxygen radical absorption capacity (ORAC) assay along with DPPH
• and ABTS
•+ scavenging capacities. In vitro cytotoxicity and antiproliferative effects against the 2 cancer cell lines were evaluated using the methylene blue cell counting method. Apoptotic activity was determined by testing for caspase-3 activity and DNA fragmentation. These tests were used to determine a possible mechanism for antiproliferation. Also, phytochemical compositions including total phenolic content (TPC), individual phenolic acids, total oil, and fatty acid profiles were studied.
Materials and Methods

Materials
Grape pomace samples were obtained from local Virginia growers. scavenging activity, and TPC. For cell cytotoxicity and growth inhibition, the 50% acetone extracts were evaporated, and the residual solids were re-dissolved in 50% DMSO. The final concentration was 1 g pomace equivalent per 2 mL solvent. Individual phenolic acids were extracted with acetone/methanol/water (7:7:6, v/v/v). Non-polar compounds in the pomace were extracted with hexane using a Soxhlet apparatus and were measured for total oil and fatty acid profiles. All samples were stored in the dark under nitrogen until analyzed.
Oxygen Radical Absorbance Capacity (ORAC)
ORAC values for the 50% acetone extracts of pomace samples were examined using 96 well plates with a Victor 3 V 1420 multilabel plate reader (PerkinElmer, Turku, Finland) following a previously described method with slight modification [33] . The temperature of the plate reader was maintained at 37˚C. Fluorescein was used as the fluorescent probe. The reaction solution contained 0.093 µM fluorescein and 60 mM AAPH final concentrations. First, 200 µL of 75 mM phosphate buffer (pH 7.4) was added to the wells, followed by 20 µL reagent blank, standard, or pomace extract, then 20 µL AAPH was added to start the reaction. Fluorescence measurements were recorded at 485 nm excitation 535 nm emission every minute for 40 min. The area under the curve of fluorescence vs. time plot was calculated and compared against a standard curve prepared with Trolox. ORAC value was expressed as mol trolox equivalents (TE) per g pomace (TE mol/g). Experiments were conducted in triplicate.
2.4.
Scavenging Capacity Assay
EC50
DPPH

The values of the 50% acetone extracts were obtained using a high throughput assay [34] . A Victor 3 V 1420 multilabel counter (PerkinElmer, Turku, Finland) was used for assay determination using 96 well plates. The reaction mixtures contained 100 L 0.2 mM DPPH
• and 100 L standards, control, blank, or sample. Absorbance readings were determined at 510 nm. The EC50 was determined as the concentration that effectively reduced the amount of DPPH
• to 50% of its original concentration following 10 min of reaction. Measurements were conducted in triplicate. 
ABTS •+ Scavenging Capacity Assay
The ABTS •+ scavenging capacity of the pomace extracts were evaluated according to previously reported protocol [35, 36] . ABTS •+ was generated by oxidizing a 5 mM aqueous solution of ABTS with manganese dioxide for 30 min at ambient temperature. The final reaction mixture contained 80 L of extract solution, standard or 50% acetone for control, and 1.0 mL ABTS
•+ solution with an absorbance of 0.7 at 734 nm. The absorbance at 734 nm was measured after a reaction time of 1 min. Trolox equivalents (TE) were calculated using a standard curve and expressed in moles TE per g pomace (mol TE/g).
Cancer Cell Cytotoxicity and Antiproliferation
Chardonnay and Tinta Cao grape pomace samples extracted using 50% acetone and were dried and then re-dissolved in 50% DMSO. The 50% DMSO solutions were then examined for cytotoxicity and antiproliferation on the HT-29 and Caco-2, human colon adenocarcinoma cell lines. HT-29 is a goblet type cell that excretes mucus upon differentiation, and Caco-2 is an absorptive type cell.
HT-29 and Caco-2 cells were propagated in T-75 flasks. HT-29 cell culture media included Mcoy's 5A media with 10% FBS and 1% antibiotic/antimycotic. Caco-2 cell culture media included Minimum Essential Media, 10% FBS, 1% antibiotic/antimycotic, 1% sodium pyruvate, and 0.5% nonessential amino acids. Cells were incubated at 37˚C in a humidified atmosphere with 5% CO 2 [11] .
Cytotoxicity and antiproliferation were investigated using the methylene blue assay [37] [38] [39] . The test is based on the theory that methylene blue is absorbed into both live and dead cells but is not washed out with water in live cells, whereas, non-viable cells cannot retain methylene blue after washing. Absorbance was read at 570 nm and absorbance readings were directly correlated to live cell number. Briefly, media was removed from wells. The cells were stained with 60 L methylene blue solution (1.25% glutaraldehyde, 0.6% methylene blue in HBSS without phenol red). Plates were then incubated at 37˚C for 60 min. Next, the wells were washed 4 times in distilled water by emersion. Cells were then destained by adding 100 L elution solution (50% Ethanol and 1% acetic acid in PBS) per well then shaken at room temperature for 30 min. A Perkin Elmer Victor 3 V 1420 multilabel counter (PerkinElmer, Turku, Finland) was used to measure absorbance. Measurements were taken in triplicate.
For the cytotoxicity tests, 5 × 10 4 cells were added to wells in 96 well plates then incubated for 24 hours. Cells were then treated with control or grape pomace extracts in 50% DMSO at 1.25, 2.50, and 5.00 g/ pomace equivalents per L (g eq/L). All wells contained 0.5% DMSO.
Following 24 h of exposure, wells were measured using the methylene blue assay. All tests were conducted in triplicate.
For antiproliferation, 2.5 × 10 4 cells were added to wells in 96 well plates and cultured as above. Cells were then treated with 0.31 to 2.50 g eq/L and measured by the methylene blue assay following 72 and 96 h. Triplicate measurements were taken. Effective concentration (EC 50 ) was determined after 96 h of treatment. EC 50 was determined as the concentration of extract equivalents that had 50% of the cells compared to the control.
Apoptosis Assays (Caspase-3 and DNA Fragmentation)
HT-29 and Caco-2 cells were seeded at 2 × 10 6 cells per well in 6-well culture plates and incubated at 37˚C for 24 h. The cells were then exposed to control or grape pomace extracts at 3.0 and 6.0 g eq/L for 4 and 12 hours for both apoptosis assays. The caspase-3 analysis was used to determine early apoptosis, and the DNA fragmentation was used to determine late or final stage apoptosis. All treatments contained 0.5% DMSO.
For the caspase-3 assay, cells were washed twice in ice-cold 1 × PBS. Then caspase-3 expression was detected as per the manufacturer's instructions by the fluorometric immunosorbent enzyme assay (FIENA) kit (Roche Applied Science, Mannheim, Germany). The fluorometric determination of proteolytic cleavage of the substrate of the samples was measured with a Victor 3 V 1420 multilabel plate reader (PerkinElmer, Turku, Finland) at excitation 425 nm and emission 490 nm.
For the DNA fragmentation tests, DNA was extracted using the Apoptotic DNA Ladder Kit, (Roche Applied Science, Mannheim, Germany) with slightly modification. In brief, cells were washed twice with ice cold 1x PBS, then 200 uL binding/lysis buffer was added and mixed immediately. After holding for10 min at 22˚C, 100 μL of 100% isopropanol was added and the solution was vortexed for 10 sec. The lysate was run through the column then washed twice with washing buffer. DNA was eluted with 200 L of pre-warmed (70˚C) elution buffer and concentrated with a speedvac. Extracted DNA was subjected to gel electrophoresis, and the image was captured with UVP EC3 bioimaging system (Upland, CA).
Total Phenolic Content (TPC)
TPC of the pomace extracts was determined using Folin and Ciocalteu's (FC) reagent following a previously described method [40] . The FC reagent was freshly prepared, and the final reaction mixture contained 250 L of the FC reagent, 750 L 20% Na 2 CO 3 , 50 L of pomace extract or standard, and 3 mL H 2 O. Absorbance was determined at 765 nm following 2 hours of reaction at ambient temperature. Gallic acid was used as the standard. Measurements were taken in triplicate.
Individual Phenolic Acids
The soluble and insoluble phenolic acid compositions of pomace samples were determined according to the method by Moore et al., [33] with some modifications. The soluble phenolic acids in the pomace samples were extracted with acetone/methanol/water (7:7:6, v/v/v), after organic solvents were evaporated under nitrogen, the extractions were further hydrolyzed with 2N NaOH for 4 hours at 45˚C. The resulting mixture was acidified with 6N HCl and was subsequently extracted with ethyl acetate and ethyl ether (1:1, v/v). The organic phase was collected and dried using a nitrogen evaporator (Labconco, Missouri). The residue was re-dissolved in methanol and remaining solids were removed using a 0.45 µm filter. The filtrate was stored at −20˚C under nitrogen for HPLC analysis. For the insoluble bound phenolic acids, the resulting residues were hydrolyzed with 2N NaOH under nitrogen for 12 hours. After hydrolysis, the mixtures were centrifuged and the supernatant was acidified. The subsequent purifications were prepared as the soluble phenolic acids.
HPLC analysis was performed on an Agilent 1200 quaternary LC system (Agilent Technologies, CA) equipped with a photodiode array detector. Phenolic acids were separated on a Phenomenex Luna 5µ C18 column (250 mm × 4.6 mm) using a mobile phase containing solvent A (acetic acid/H 2 O, 2:98, v/v) and solvent B (acetic acid/acetonitrile/H 2 O, 2:30:68, v/v/v). The solvent gradient was linear from 10 to 100% solvent B for 42 min with a flow rate of 1.0 mL/min. Phenolic acids were identified by comparing the retention time and absorption spectra of peaks in the samples to those of the individual standard compounds. Quantification was conducted using total area under each peak compared to external standards. Samples were measured in duplicate.
Fatty Acid Composition
Fatty acid methyl esters (FAME) were prepared from the hexane extracted oils using the previously described method [41] . Fatty acid compositions were analyzed using an Agilent 6890N HP-GC with a FID. The column was a Supelco 2340 (60 m  0.25 mm i.d. 0.20 µm film thickness (Supelco Inc., Bellefonte, PA). Helium was the carrier gas at a flow rate of 0.8 mL/min, a linear velocity 18 cm/s and a split ratio of 100:1. The injection volume was 2 L. The injector temperature was set at 240˚C and the detector at 280˚C. Time and temperature ramps began with an initial oven temperature of 100ºC for 3 min then 3˚C to 240˚C, followed by isothermal for 15 min. Fatty q/L [11] .
•+ was m acids were determined by comparing GC retention time with that of the authorized pure individual commercial compounds.
Statistical Analysis
Data was analyzed using SPSS (SPSS for Windows, Version Rel. 10.0.5., 1999, SPSS Inc., Chicago, IL). Data were reported as mean  standard deviation (n = 3). Analysis of variance and Tukey's post hoc analysis was used to determine differences among means. Pearson Correlation Coefficient was used to determine correlations among means. Significance was declared at P < 0.05.
Results and Discussion
Oxygen Radical Absorbance Capacity (ORAC)
Antioxidant activities of the grape pomace extracts were estimated using the ORAC assay ( 
Scavenging Capacity Assay
EC50 DPPH
 Antioxidant activity using DPPH • was evaluated using DPPH EC50 method ( Table 1) . The DPPH EC50 is the concentration of an extract that can reduce the concentration of DPPH
• to 50 % of the original concentration at a selected time point. We used 10 min. The Tinta Cao pomace extract showed a stronger reducing capacity than the Chardonnay pomace extract with an EC 50 value of 94.6 mg pomace equivalents per L (mg eq/L), while the Chardonnay had an EC 50 value of 154.2 mg eq/L. In a 2008 study by Llobera and Canellas [42] , Prensal Blanc grape pomace and stem were tested for their DPPH EC50 values. The results showed that the stem had a higher antioxidant capacity than the pomace. The DPPH EC50 values were 0.79, and 1.32 g dry matter per g DPPH, respectively. In another study, Chardonnay grape (white) and Pinot Noir (red) seed flours were extracted with 50% acetone and tested for DPPH EC50 . The Chardonnay flour extract had a DPPH EC50 value of 39 mg eq/L, while the Pinot Noir flour extract had a value of 160 mg e
ABTS Scavenging Capacity Assay
ABTS
•+ scavenging capacity was analyzed using Trolox as the standard. Values were 393.6 and 806.7 TE mol/g in the Chardonnay and Tinta Cao grape pomace extracts, respectively ( Table 1) . The Tinta Cao sample value ore than twice as high compared to the Chardonay. The results from the analyses of these 3 common antioxidant capacity assays: ORAC, DPPH
• and, ABTS
•+ , showed that the Tinta Cao (red) grape pomace extract had a significantly higher antioxidant capacity than Chardonnay (white) grape pomace extract. This is not in support of previous data in which Chardonnay seed flour extract was significantly higher in antioxidant capacity compared to Pinot Noir (Vitis vinifera) seed flour, which is a red grape [11] . The differences in the ORAC, DPPH • , and ABTS
•+ values of the current and previous studies of Chardonnay seeds indicate that the grape seed may contain more antioxidant compounds than the grape skin [11, 43] . The Chardonnay grape seed from the current study comprised 35.4% of the pomace weight while the seed weight of the Tinta Cao pomace was 47.1 g/100 g pomace, which is 11.7% more seed per pomace weight. Also, the Chardonnay seed flour extract from the previous study (11) was cold-pressed, which removed most of the oil, and seed oils have been shown to have lower antio phenolic content which include amounts of sunlight, 
Cell Cytotoxicity and
The 50 % acetone grape extracts were evaporated to and brought into 50 % DMSO solutions for testing. Solutions were tested in the HT-29 and Caco-2 human colon cancer cell lines for cytotoxicity following 24 h and antiproliferation following 72 and 96 h treatment. The Tinta Cao extract had the highest cytotoxicity compared to the Chardonnay extract in both HT-29 and Caco-2 cells (Figures 1 and 2) . The cytotoxicity from the Tinta Cao pomace extract in HT-29 cells was most potent at 1.25 g eq/L (22.7%) and remained similar at 2.50 and 5.00 g eq/L. The cytotoxicity from the Chardonnay pomace extract on the HT-29 cell line was most potent at 2.50 g eq/L at 23.6%, which was slightly higher than the Tinta Cao extract (Figure 1 ). In the Caco-2 cell line, the Tinta Cao pomace extract also had the highest cytotoxicity values of 10.7%, 20.0%, and 34.2% at 1.25, 2.50 and 5.00 g eq/L, respectively (Figure 2) . The Chardonnay pomace extract had cytotoxicity values of 1.6%, 11.5%, and 28.1% at 1.25, 2.50, and 5.00 g eq/L, respectively. Both Tinta Cao and Chardonnay pomace extracts showed dose-dependent responses to cytotoxicity in Caco-2 cells.
Antiproliferation effects from both Chardonnay and Tinta Cao grape pomace extracts on HT-29 and Caco-2 colon cancer cell lines were determined at 4 different concentrations (Figures 3 and 4) . The results showed a dose-dependent inhibition of cell proliferation after 72 and 96 h of treatment compared to control from both grape pomace samples.
The proliferation of the HT-29 cells was significantly inhibited beginning at 0.62 and 1.25 g eq/L from the Tinta Cao and Chardonnay pomace extracts, respectively (Figure 3) . In the HT-29 cells, the EC 50 of both Tinta Cao and Chardonnay pomace extracts were determined. The EC 50 is the concentration of extract in the cell media that causes a 50% lower cell count compared to control at a specified time period. After 96 h the EC 50 of Tinta Cao extract was 1.00 g eq/L while the EC 50 of the Chardonnay extract was 1.83 g eq/L.
The proliferation of the Caco-2 cells was significantly inhibited by both grape pomace extracts at the lowest tested concentration of 0.31 g eq/L after 72 and 96 h of treatment (Figure 4) . The EC 50 of Tinta Cao extract was 0.82 g eq/L, and the Chardonnay extract had an EC 50 of 1.02 g eq/L in the Caco-2 cell line. A possible reason that the Caco-2 cells were more susceptible to the pomace extracts than the HT-29 cells after 72 and 96 h of treatment is unclear. However, Caco-2 cells, upon differentiation, act as endocrine cells, and HT-29 cells act as excretory cells. This suggests that the Caco-2 cells may absorb ative effect following 72 and 96 h of treating an anti-caspase-3 specific monoclonal ic caspase substrate, casmore antiproliferative compounds from the extract than the HT-29 cells. This could partially explain the higher ntiprolifer a ment. However, this is not case after 24 h of treatment in the cytotoxicity experiment (Figures 1 and 2) . A possible reason for this is that the Caco-2 cells were not as adherent to the culture plates compared the HT-29 cells, and the chemical reactions in the Caco-2 cells were favored to becoming established on the surface of the plate compared to absorbing outside molecules during the first 24 h of treatment.
Caspase-3 Expression
Caspase-3 expression plays a key role in early stage apoptosis. Us antibody together with a specif pase-3 concentration was determined in the HT-29 colon cancer cells treated with Chardonnay and Tinta Cao grape pomace extracts by fluorometric immunosorbent enzyme assay (FIENA) (Figure 5) . A significant increase in caspase-3 expression was observed from both grape pomace extracts after 4 h at 3 and 6 g eq/L (P < 0.05). HT-29 cells treated with 6 g eq/L Tinta Cao grape pomace extract showed the highest increase of caspase-3 expression of 308.5% compared to control after 4 h of treatment, while the HT-29 cells treated with 6 g eq/L Chardonnay extract increased caspase-3 expression by Figure 5 suggest that the was used t c grape pomaces induce caspase-3 expression resulting in apoptosis in the HT-29 cells. Furthermore, Tinta Cao pomace may be a more potent inducer of apoptosis compared to Chardonnay based on the 4 h results. Following 12 h of treatment, caspase-3 expression was significantly lower than the 4 h results suggesting that the compounds in the extract had an immediate effect in the induction of apoptosis. in 3 and 6 g eq/L of Chardonnay and Tinta Cao grape pomace extract treated Caco-2 cell line (data not shown). Caspase 3 expression and DNA fragmentation are indicative of early and late stages of apoptosis, respectively. Recently, the importance of grape seed extract in inhibittion of cancer cell growth has been investigated [15, 44] . The antiproliferation effect on the colon cancer cells in the present study are in agreement with the previous reports. The extracts in our present study are from grape pomace, which include skin, seed, pericarp, and stem of the fruit.
228.8%. The results presented in
DNA Fragmentation
Total Phenolic Content (TPC)
The TPC values of the tested 50% acetone extracts are shown in ( Table 1) . The Tinta Cao pomace had a TPC value of 72.0 mg gallic acid equivalents (GAE) per g pomace (GAE mg/g) and was significantly higher than the TPC val Chardonnay grape seed flours extracted tone showed a TPC value of 186.3 GAE mg/g while the flour of Pinot Noir (red) grape had a TPC value of 55.5 GAE mg/g (11) . In a prior study by Campos and others [45] , the TPC of Cabernet Sauvignon (red) pomace was examined using several non-polar solvent systems including supercritical fluid extraction, classical organic solvent extraction, and Soxhlet. The most water soluble solvent was ethanol, and it had the highest TPC value of 3.4 GAE mg/g. This suggests that the majority of antioxidant components in grape pomace are hydrophilic.
Individual Phenolic Acids
Individual phenolic acids have been shown to be potent antioxidants and major contributors to the overall antioxidant activities of foods. Their antioxidant activity is a result of their radical resonance stability of the electrons in the benzene ring with the attached hydroxyl and carhad the highest cong/g pomace, which oils had rela-18:2) and oleic acid re 68.7 and 19.4 g/100 pe pomace extracts are potent scavengers inhibit cancer cell proliferation, at induction of apoptosis. The results boxylate groups. Tinta Cao grape centration of phenolic acids at 236.8 was 5.5-fold higher compared to the Chardonnay grape pomace extract ( Table 2 ). The Tinta Cao was primarily composed of chlorogenic acid (110.2 g/g). The Chardonnay grape pomace contained p-coumaric acid as 1/3 of its total phenolic acids. (Table 2) . Gallic acid, which is commonly used as the standard for the TPC tests, was found highest in the Tinta Cao at 8.4 g/g.
Fatty Acid Composition
The pomace oils from grape samples that were extracted using a Soxhlet apparatus with hexane were analyzed for total oil and fatty acid (FA) profile. The highest total oil content was found in the Tinta Cao grape pomace at 12.5 g oil/100 g pomace, ( Table 3) . The pomace tively high levels of linoleic acid ( (18:1). Levels of 18:2 and 18:1 we g FA in the Chardonnay pomace, respectively, and 18:2 and 18:1 were 68.7 and 72.3 g/100 g FA, respectively. Tinta Cao grape pomace oil had the highest percent of 18:2 ( Table 3 ). Both pomace oils had very high levels of unsaturated fatty acids. Tinta Cao pomace oil had 90.5 g/100 g FA, and Chardonnay pomace oil had 88.5 g/100 g FA. Grape seed fatty acid composition has been studied extensively, and has been shown to primarily contain linoleic acid from approximately 50 to 78% of the total fatty acids. The grape seed oil also contains a significant level of oleic acid from about 14 to 32 % of the total fatty acids [46, 47] .
Conclusions
The main objective of present study was to evaluate Chardonnay and Tinta Cao grape pomaces for antioxidant activity, antiproliferation of 2 colon cancer cell lines, and chemical compositions. The current study demonstrated that gra of free radicals and least, through the suggest that grape pomace has the potential to be a bioactive food ingredient and increase the profits for grape growers as a value-adding byproduct of wine and juice production. Further investigation of the 2 grape 
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